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A windowless tube spectrometer i o  described for t he  

X-I"B)I Itfluorescent" analysis of the light elements down 

through fluorine. The high efficiency of x 8 . m ~  excitation 

makes possible the analysis of elements a8 light as sodium 

when present i n  less than 1 % and of f luorine in larger 
f l  c j / - i - H b f  amounts. 

1 It has earlier been shown that  for the lighter chemical I 
i 
, I 

elements the yield of "fluorescentn x-rays is greatly increased by 
I 
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The &mmtU8 CUXl8i8t8 Of S demountab2e %-#y tube & 8r1 

attached witple chtmber end spectrometer ( P i g .  1). 

modffication of d gas tube described a genemtion ago; the apectro- 

meter is a standard P h i l i p 8  diffmctmeter altered for h e l i w p a t h  

The tube is a 
2 

opel?iatfon. 

The xe ray tube is one that can be used for either gas or hot- 

filament operation by merely exchanging the cathode. 

it is employed in muck of the soft x-ray work being carried out in 

th is  laboratory. 

As a gas tube 

With its inexpensive pumping system it; provider 

an Y-MI. (cnvqmmaa r . r s n s t m n t  mmA..mh 6 g . m  n s . = m t i + s t - S e r r .  v --.. ----t---*-..- 
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zn attached set of copper ffns. 

Coolidge transformer must, of course, be added to heat It. 

voltage insulation 1s obtained by supporting the cathodes on lengths 

of pyrex drainage tubing.  The x ray protection this fails to supply 

is given by surrounding it with a double leucite cylinder filled 

with BaSOg (B). 

with windowless operation the "fluorescentw output depends very 

When a hot filmxxzt is us& a 

H i g h  

Measurements reported earlier have shown that 

l i t t l e  on the anode of the tube. 

anode was of gold. 

I n  the present  experiments this 

The sample chstrnber (H) is a separate u n i t  attached t o  the tube 

block through an O-ring seal. 

coned fitting (s) which, l i k e  the chamber, requires no cooling. 

sample is 2 1/2 in .  distant from the p r h r y  target and has an un- 

obstructed 7tviewfl of it through a 1/2 in. hole in the tube block. 

The sample is held in a removable 

The 

For most of our work the sample fs d compressed 3. in. pellets. When 

- a mina r--' c---.--  man ---- nnt- ---- rnhcr- ------ mxjer pressurn, i i j  % b9r . i~ acid OF 

gpaphite has been add& a8 binder. 

with the analysis of even as light an element as sodium. 

windowless operation the tube must be opened to  the a ir  fo r  change 

of sample; the five minutes required for th is  could be reduced by 

Such admiaturn does not interfere 

In 



'phis positioning is essential; so thin a window rr,ounted on the sample 

side of the slit: is qc;ickly destroyed even if coated with a conduct- 

ing  alunrtinum layer. TCI ninimiee x ray absorption the counter window 

w s t  be thd th.imes!- :hat w i l l  sarva as an e f f w t i v e  barrier be- 

meen the gas of the c o m t e r  end the helium of the spectrameter. 

Since with a helium path there is no ppesaure diffeFeAtia1, d 

collodion 3r fcmvar. film of the sort used as substrate in eleatmn 

microscopy is satisfactory. It i s  mounted as the f r o n t  window of a 

proportional corlnten- filled with P-10 gas (E). The chamber (I>) has 

a ;movable leucite fact  to permit easy exchange bf crystals. 

Potasslurs acid phthalate is the best available reflector Isr the 

elements considered here, arid there is compiete spectral separation 

except that its long spacing (2d = 26.8 A . >  causes a s l ight  overlap 

between alminum and siiicun. For most accurate results w i t h  these 

two elements and for shorter x FBYS, :>ita or gypsum is  preferable. 

A stacked monomolecular fi lm ngratingn can be used for magnesium 

and longer wave lengths. For t h i s  radiation a "gratingrf cons is t ing  

of 150 layers of barium stearate (2d = ca 100 A , )  reflects with one 

&L ,IL&rd .r tho efflzfancjj; of pG';assi;bll acid ph';f;ahte. 
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the Qoctml ~ a k  aMt ( a )  ice mk-t+h&m& ratfo.  In oehert 

follows, i n t e n s i t i e s  are generally exprr~lsad as e f f i c i e n c i e s  of 

excitation, i .e .  munta per second pep watt (c/s/w), and unless 

especially noted, the peak-to-background ratios (p/b) are  the crude 

counts not improved by a pulse height suppression of background. 

The efficiencies, of coilrse, depend on many variables such as applied 

~r3 l t age~  peyfection of al-ipment and crystal analyzer; those given 

are typical of the performance of this instrument when used rout ine ly .  

Similarly no absolute significance attaches to the stated values of 

p/b; they depend on the same factors that influence efficiency and 

above a l l  on the canposition of the sample. 

As expected, the eff ic imcies  measured with this sgeetmmtsr 

are much higher than with the pmliminary equipment. 

LOO W input at 2&v, pure aluminum gi-res a X-a peak rmding of 

15,300 c/s, 

the 3.4  c/s/w measured with the early apparatas and the ca 0.1 c/s/w 

:m.isured (with an EDMI crystal) in 61 commercial Philips vacuum 

spectrometer. Such a 1500 times improvenrent aver the comercial 

equipment i s  exceeded far magnesium and sdium; fo r  pur@ magnesium 

the c/s/w in the present spectrometer is 90, 

pi’n ratio exceeds 100. 

has not been measwed but !.t can he estinatrrd as ca 21  ~ / s / w  3j 

extrapolating the straight l i n e  calibration (Fig. 2 )  made by d i l u t i n g  

Thus, with 

This efficiency of 153 c/s/w is to he ccu;rpared with 

For both metals the 

A correspondrng er-ficiency for purer sodium 
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U2C03 with s&lA~a. EvidmtXy OW h$gh ySa3d8 of chamat~fiet&c! 

mudiatl4n affer MAP gos8ibiZi'ciar fcm the d y 8 l s  of tMM) U$ht 

elataenw). 

To walwta thrr & @QPI~O of rtrrdrrdieatioar wmm &e u d n s  

mmpler cw#tsinSqy 45rlRUhbg w t r  crf ahminura, mqpmsium urd 

t'h4 dtlwmt ba@ rriUw, Three of these eurve~) am 

mUwm~8 in IMg. I. T h y  ilhstrate the fact that w i t h  a -eubr 

linput mr: blreaadhg 2OQ W the Gaunt8 obtarlned are adequate €c)r 

meaauring fractions of a percent evun of sodim in siliciour materials. 

Siiriple cal ibration ewves ssch as these give an approximate 

knrsvledge of the ccmposition of I rock though, of course, much bettep 

r-,-ardards and a detailed inijitrix comection would be mcuired f o r  

results of the higfiest atcainab3.e accuracy. 

data ~trppUed by this iristrwJlient, mwsuremtmtr are given on a 

trietasic diabase (Brlreau c.f Stardards radioactive samplcl No. 4984). 

I t b  apprximate c w t e n t  of the rnetallfc elementti in question (and 

not of their 9 x S d e s )  is Si: 21.9 "Pj A l :  7. S %, Nq: 3.5 X and ha: 

1.5 X .  The cc:ur.ts fmz B ;;;vzple C 0 l . i S i S t - h ~ ~ ~  of 5G % dz&ase, 10 % 

boric acid were 3: 6,575 c/s, Al: ?,OUQ c/s, Kg: 400 c/s and Ha: 

135 C/B, the trlFf5 'b(":;ng operated at 200 W. 

amounts of imr: and calcium s u f f i c i e n t  to produce a d e f i n i t e  matrix 

effect8 nevertheless, a direct reading f r o m  the charts of F i e  3 

lead8 to the CQIapO8itiQn S i t  24.0 %, U t  6 .0  %, Xg: i.6 % qrtd Naz 

1.8 %, 

As an e m p l e  of the 

'phis diabare contains 

Results of similar accxrazy are being obtained from the 

K i l y  mj&a Minu c8mellyaeci. 



The p/b ratio neaessarfly become4 poorer the lesr there I s  of 

an element in a sampie artG &\e k w e r  the etcmci~ nm!!hr~; 

Na2C03 p/b = 1s. 
discrimination in th i s  part of the spectrum a Sil icr-ba8sd s ~ p l e  

containing 1.0 X Na gave a peak with p/b 1.58 with pulm height 

discrintfnation t h i s  r a t i o  had irapmvd t o  3.5 wleh few sodium counts 

l o s t .  

FOP pum 

As an exrutple of the effect of pulse height 

The Myler window is the most absorbing elemant i n  the %ray 

path of this spectrometer and it, rather than the crystal ,  sets  the 

long wave length limit to its use. The high c o u n t s  w i t h  sodium 

have made it sea;; worthwhile to  see i f  f l uo r ine ,  which has never 

been detect& with any 31 tne c m e r c i a l  x-ray speetronteters, m u l d  

be analyzed. The peak recorded at 300 W from a samDle of l i thium 

f luor ide  using a potassium acid phthalate c r y s t a l  i s  shown i n  Fig. 4; 

with p u l s e  he ight  this background is reduced f r o m  ca 45 c/s to only  

ca 3 c/s,  Measurements on standards ccmtaining decreasing amounts 

of f l .uorine ind ica te  that  ca 5 X f l u o r i a e  1s the vinimum which can 

be analyzed with thrs spectrometer. 

DISCUSSION 

‘;’he very hiyit y i e l d s  of charac te r i s t ic  x m y s  obtained thz*ough 

windowless Dperation are largely due tso sample hmbardment by 

el.ectrons scattare:! by tnc artode. Tqis r ,2tur i i i i .y  raised ci:e cicie~tion 

sf td:i?ther or m t  srill better r e s u l t s  w o u l d  be achieved by recourse 

to the  more e f f i c i e n t  direct excitacion to be expi;cteci w h ~ n  t t lc  

saxpie is the t a r g e t  cf the x m y  tube. This  was r o u t i n e l y  done i n  
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the errrly daya of quautatiue x ray spectroscopy. 

scrmples AS anodes, however, result in a tube operation too irrcsgular 

for convenient quantitative analysli and i f  they are of the lighter 

Large nonconducting 

cle!?cn+r *e cor?tmiru,tr.m that mpldly bl-lilda up Q?l them steadily 

dintinisher the x m y  outpuc, 

ehe mfxerf flimrescrnt excitation used here. 

Such difficulries are avoided thmugh 

CharGjng up of ?%e 

sample or i ts  contamination has never been observed even after pro- 

longed i m s d i a t i m .  Wind3wless qxwat4.cn has the f u r t h e r  advantage 

of asstiring the uniform sample irradiation w i t h o u t  observable 

decompositim wbich is essential i n  dealing with sarr'ples l i k e  mcks 

that  vary in composition f m  po in t  t=, goint, 
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Figure 1. A phatapaph a€ the whdwless x t m y  spsotrometcar. 

Mest letters a m  refercreci cv lii t k  t e x t  h a t  in addition 

(h) is the helium i n l e t  and (A)  the  preaaqHfier for the 

m u n t e r .  

~ i y r e  2.  it z a 2 i b z w i s n  curve prepared f m  sil icious mixtures 

containing up t3 20 % scdim with 200 W (2rlkv) across the 

tiibe, 

Cfgurc 3. C3libratjon mmes frora silicious ntixtilml contahlng 

to 20 2 i3lWtini,x?, magneciurn and sodium wit? 700 W (2&v) u 

itcross the tube. 

shown fut a 20 X silizc? smple w i l l ,  IXlidBT' :']lese cvtditians,  

g-ivo 2 2  7000 c/s aid  a 40 % sample ~ $ 3  14,003 c/s,  

The corrsrponding curve for sil icon iu-abt 

Figure 4. The fluorine p f c  obtaine: from L i F  with 20C 14' 

(20kv3 across the tube. 
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